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Abstract 
Lead-free piezoelectric ceramics (K0.49Ka0.49Li0.02)NbO3 have been synthesized by solid state reaction. The effects of sintering 
temperature and atmosphere on phase structure, microstructure evolution and dielectric properties were investigated. The results
show that neither sintering temperature nor atmosphere affects the phase structure. However, the morphological studies revealed
differences between the microstructure of ceramics sintered in different conditions of temperature and atmosphere. Ceramic 
sintered at 1373 K in oxygen showed optimum relative density and excellent dielectric properties with low dielectric losses. 
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1. Introduction 
Excellent piezoelectric and electromechanical properties have been achieved in a series of lead-based 
ferroelectric ceramics, especially Pb(Zr,Ti)O3 (PZT). The electromechanical properties of PZT have been attributed 
to the morphotropic phase boundary (MPB) between rhombohedral, tetragonal, and monoclinic phases [1], so strong 
emphasis has been laid on investigating systems containing MPBs. It is believed that the existence of these 
thermodynamically equivalent phases permits almost continuous rotation of the polarization vector under the 
external electric field, which enhances dielectric, piezoelectric, and electromechanical responses [2,3]. 
Because lead is toxic, current legislation in Europe [4] requires its gradual removal of lead from electronic 
components. The search for alternative lead-free piezoelectric materials is now focused on the alkali niobate family 
(K,Na,Li)NbO3 or KNLN, which shows a maximum of its properties at room temperature, coinciding with a 
structural transformation from an orthorhombic to a tetragonal phase. This is believed to be the result of an MPB 
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[5]. However, the effects of processing parameters on the phase structure and dielectric properties of KNLN have 
not been reported. It is important to understand the influence of the sintering process in detail, because the properties 
of the ceramics bear a close relationship to their structure and morphology. Consequently, in this study, the effects 
of sintering conditions of (K0.49Ka0.49Li0.02)NbO3 ceramics were examined. 
2.  Methodology 
Ceramics of (K0.49Na0.49Li0.02)NbO3 were prepared by solid state reaction from K2CO3 (99%), Na2CO3 (99.5%), 
Li2CO3 (99%) and Nb2O5 (99.9%). Starting reagents were dried overnight at 473 K. The raw reagents were weighed 
according to the desired composition, mixed and milled in an agate mortar in acetone. After drying, the powders 
were calcined at 1123 K for 5 h. The final powders were milled and pressed to 6 mm diameter pellets. To analyze 
the effect of sintering conditions, pellets were sintered twice; first at a range of temperatures between 1353 K and 
1373 K, and then again at 1373 K with a dwell time of 1 h. The effects of atmosphere (oxygen, nitrogen or air) were 
also analyzed. To avoid volatilization of alkali metals, green pellets were covered with powder of the same 
composition and a platinum crucible.  
The crystal structure of the ceramics was determined by x-ray powder diffraction analysis using a PANalytical 
X’Pert PRO MPD system with Cu KĮ radiation and an X’Celerator detector equipped with a focusing primary 
Ge(111) monochromator. Diffraction patterns were collected in Bragg-Brentano geometry for 2ș from 4º to 80º. 
Morphological study was performed by scanning electronic microscopy (SEM) with a JEOL JSM-840 instrument. 
Samples of diameter ~6 mm and thickness ~1 mm were covered with gold by sputtering for the study of the 
dielectric properties. Dielectric response was obtained by using a Frequency Analyser HP 4195A impedance 
analyzer over the frequency range 100Hz-13MHz and from room temperature to 773 K. 
3. Results and discussion. 
X-ray diffraction patterns of (K0.49Na0.49Li0.02)NbO3 show that neither the sintering temperature nor the second 
treatment at a higher temperature has any affect on the phase composition. (Figs. 1, 2). 
Figure 1. X-ray diffraction patterns of 
(K0.49Na0.49Li0.02)NbO3 sintered at different temperatures. 
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Figure 2. X-ray diffraction patterns of 
(K0.49Na0.49Li0.02)NbO3 sintered twice at different 
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All samples showed pure perovskite and no secondary phase was identified. All patterns were indexed as an 
orthorhombic symmetry with Amm2 space group. The density of all sintered ceramics was also analyzed. The 
maximum relative of the samples that were sintered once, at 1353 K, was above 72%. The relative density of 
ceramics sintered twice, at 1353 and 1373 K, was above 84%. 
Figure 3 shows the microstructure evolution of the (K0.49Na0.49Li0.02)NbO3 ceramics sintered in the different 
conditions of temperature and treatment. 
Figure 3. SEM images of (K0.49Na0.49Li0.02)NbO3 ceramics sintered once at 1353 K (a) and 1363 K (b), and ceramics sintered 
twice at 1353 K and 1373 K (c) and 1363 K and 1373 K (d). 
As shown in Figure 3 (a,b), ceramics sintered once at lower temperature had an average grain size of 0.5Pm. This 
is smaller than ceramics sintered twice at higher temperature (Fig.3 c,d), which had an average size of 3Pm. These 
results demonstrate that sintering temperature and treatment have a strong influence on the microstructure of KNLN 
ceramics. 
The effect of atmosphere was also analyzed. Figure 4 shows the x-ray diffraction patterns of samples sintered at 
1373 K with a dwell time of 1 h in oxygen, nitrogen or air. 
All samples showed orthorhombic symmetry with no secondary phase: atmosphere conditions did not affect 
phase composition. Relative densities of all ceramics were analyzed. Ceramics sintered under air and nitrogen 
showed relative densities above 87%, and ceramics sintered under oxygen had relative densities above 95%. This 
indicates acceptable densification during the process for these materials and sintering conditions. 
Fig. 4: X-ray diffraction patterns of (K0.49Na0.49Li0.02)NbO3 sintered under 
oxygen, nitrogen or air. Miller indexes are also included. 
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Figure 4. X-ray diffraction patterns of (K0.49Na0.49Li0.02)NbO3 sintered under oxygen, nitrogen or air. Miller indexes are also 
included. 
Figure 5 shows SEM images of the surfaces of KNLN ceramics sintered in oxygen, nitrogen or air. 
Figure 5. SEM images of (K0.49Na0.49Li0.02)NbO3 ceramics sintered in air (a), nitrogen (b) and oxygen (c) at 1373 K with a dwell 
time of 1 h. 
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The grain size and morphology in all samples was influenced by the sintering atmosphere. Samples sintered 
under air had rounded grains with uniform growth patterns. Samples sintered in nitrogen also showed rounded 
grains with uniform growth patterns, but the grains were smaller. The average particle size for KNLN ceramics 
sintered in air or nitrogen was 1Pm and 0.5Pm respectively. For ceramics sintered under oxygen, SEM images show 
a well sintered sample, with rectangular grains and non-uniform growth. These findings indicate that oxygen 
atmosphere promotes grain growth and thermal diffusion, while nitrogen inhibits grain growth. 
The dielectric properties of KNLN ceramics were analyzed only for ceramics that exhibited acceptable 
densification, since high electric losses are associated with samples with relative densities under 90%. Only 
ceramics sintered in oxygen were characterized. The temperature dependence of the dielectric constant of the KNLN 
ceramic at different frequencies is shown in Fig. 6. 
Figure 6. Dielectric constant of KNLN ceramic sintered in oxygen with heating at different frequencies. 
Unmodified KNN undergoes transitions form orthorhombic to tetragonal phases at 473 K and from tetragonal to 
cubic phases at 693 K [6]. Curie temperature was shifted to higher temperatures when lithium was added (TC= 723 
K). Moreover, the orthorhombic to tetragonal phase transition was shifted to lower temperatures, indicating that 
lithium stabilized the tetragonal phase (TO-T= 450 K). The dielectric loss at room temperature was 0.18, 0.11 and 
0.051 at 1kHz, 10kHz and 100kHz respectively.  
4. Conclusions 
Lithium 2% substituted KNN ceramic has been prepared by solid state reaction, without sintering aids or special 
powder handling like ball milling, to reach high densities. X-ray diffraction patterns revealed that this solid solution 
has an orthorhombic symmetry irrespective of the sintering temperature or atmosphere used. SEM images exhibit 
different morphologies for samples sintered at different temperatures and atmospheres, and dielectric behavior may 
depend on the sintering conditions. 
KNLN ceramic sintered in oxygen by solid state reaction showed higher dielectric properties and the region in 
which the dielectric constant is practically constant was expanded by 50 degrees compared to KNN without 
Lithium. This method is expected to be easy to use for other KNLN compositions. It is also feasible to scale up the 
procedure to allow industrial production of environmentally benign piezoelectric materials. 
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